Parvibium lacunae gen. nov., sp. nov., a new member of the family Alcaligenaceae isolated from a freshwater pond by means of a monopolar flagellum, non-spore-forming and rods surrounded by a thick capsule and forming white-coloured colonies. Growth occurred at 20-40 C (optimum, 25-37 C), at pH 6.5-7.5 (optimum, pH 7.0) and with 0-0.5 % NaCl (optimum, 0 %). Phylogenetic analyses based on 16S rRNA gene and four housekeeping gene sequences (recA, rpoA, rpoB and atpD) showed that strain KMB9
and MEGA 7 [8] , after multiple alignments of the data by CLUSTAL X version 2.0 [9] . Distances (corrected according to Kimura' s two-parameter model; [10] ) were calculated and clustering was performed with the neighbour-joining method [11] . The maximum-likelihood [12] , maximumparsimony [13] and minimum-evolution [14] trees were generated by using the tree-making algorithms contained in the PHYLIP software package [15] . In each case, bootstrap values were calculated based on 1000 replications.
The phylogenetic analyses based on 16S rRNA gene sequences showed that strain KMB9
T formed a distinct phylogenetic lineage in the order Burkholderiales within the class Betaproteobacteria in the neighbour-joining tree (Figs 1 and S1, available in online version of this article). The overall topologies of the maximum-likelihood and maximum-parsimony trees were similar. These findings were confirmed by analysis based on the minimum-evolution algorithm (Fig.  S2 ). Sequence similarity calculations (over 1400 bp) indicated that strain KMB9
T had the highest 16S rRNA gene sequence similarity with clone SWB15 (95.0 %; GenBank accession number AB294326) isolated from a stream, followed by clone Nan21 (94.5 %; JN941777), clone F5032 (94.5 %; KX504682), clone F3043 (94.5 %; KX504536) and clone F5084 (94.2 %; KX504721) from surface water of a lake, and strain KMB9
T shared less than 93.3 % sequence similarity with its closest relatives with validly published names. Strain KMB9
T was related to the species of the genera Herbaspirillum (92.1-93.3 % sequence similarity), Noviherbaspirillum (92.1-93.0 %), Glaciimonas (92.0-92.4 %) and Oxalicibacterium (91.1-92.0 %) in the family Oxalobacteraceae, the genera Cupriavidus (91.7-92.9 %), Ralstonia (92.1-92.4 %) and Pandoraea (92.0-92.3 %) in the family Burkholderiaceae, and the genus Ampullimonas (92.8 %) in the family Alcaligenaceae.
In order to further explore the relationships of strain KMB9
T and related species in the families Alcaligenaceae, Burkholderiaceae, Comamonadaceae and Oxalobacteraceae, a multilocus sequence analysis approach with the recA, rpoA, rpoB and atpD genes was utilized. PCR amplifications of the housekeeping genes, atpD, recA, rpoB and rpoA, were performed using the protocols described by Mousavi et al. [16] and Thompson et al. [17] , respectively. The sequences of four housekeeping genes were obtained as follows: recA (399 bp), rpoA (930 bp), rpoB (537 bp) and atpD (511 bp). The phylogenetic analysis of concatenated sequences of the four housekeeping genes indicated that strain KMB9 T formed a distinct phylogenetic lineage in the order Burkholderiales (Fig. 2) . However, based on the phylogenetic analyses of 16S rRNA gene sequences ( Fig. 1 ) and phylogenetic analysis of concatenated sequences (Fig. 2) , the new genus could be assigned to the family Alcaligenaceae. Importantly, the 16S rRNA gene phylogeny and the relatively close relationship of the type strain of the novel species with the genera Ampullimonas and Derxia both suggested affiliation with the family Alcaligenaceae.
The morphology of bacterial cells was observed by phasecontrast microscope (DM 2000; Leica) and transmission electron microscopy (H-7500; Hitachi) ( Fig. 3 ) using cells grown in R2A broth at 25 C for lag, exponential and stationary phases of growth. Cellular motility was tested by the hanging-drop method [18] . The Gram Stain Set S (BD Difco) kit and the Ryu non-staining KOH method [19] were used for testing the Gram reaction. The presence of a capsule was assessed using the Hiss staining method [18] . Colony morphology was observed on R2A agar using a stereoscopic microscope (SMZ 800; Nikon). Poly-b-hydroxybutyrate granule accumulation was examined under light microscopy after staining of the cells with Sudan black [20] and visualized by UV illumination after directly staining growing bacteria on plates containing Nile red [21] .
The pH range for growth was determined by measuring the optical densities (wavelength 600 nm) of R2A broth. The pH was adjusted prior to sterilization to pH 4-9 (at intervals of 1.0 pH unit) using appropriate biological buffers [22] : citrate/Na 2 HPO 4 buffer, pH range 4.0-5.0; phosphate buffer, pH range 6.0-7.0; Tris buffer, pH range 8.0-9.0. The temperature range for growth was determined in R2A agar at 4-50 C (4, 10, 15, 20, 25, 30, 35, 37, 40, 45 and 50 C) . To investigate the tolerance to NaCl, R2A broth was prepared according to the formula of the BD Difco medium with NaCl concentration adjusted to 0, 0.5 and 1.0-6.0 %, w/v (at intervals of 1.0 %). Growth under anaerobic conditions was determined after incubating strain KMB9
T on R2A agar in the Oxoid AnaeroGen system. Growth was tested on nutrient agar, trypticase soy agar, R2A agar and LB agar (all from Difco).
Strain KMB9
T was examined for a broad range of phenotypic properties. Activities of catalase, oxidase, DNase, urease and lipase (corn oil), and hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 were determined using standard methods [23] . Chitin hydrolysis activity was determined by using chitinase-detection agar plates (CDA plate). Chitin hydrolysis was visualized by the formation of a clear zone around the colonies in CDA plates. CDA plates were prepared as described earlier by Wen et al. [24] . Hydrolysis of carboxymethyl cellulose was tested according to the method described by Bowman using R2A agar as the basal medium [25] . Utilization of carbon sources was investigated in a basal medium containing (l Substrates were added at a concentration of 0.1 % (w/v), and the tubes were incubated under aerobic conditions at 25 C. Occurrence of bacterial growth was checked for 12 days at 1 day intervals. The experiment was done in duplicate. Additional biochemical tests were performed using API ZYM, API 20NE and API 50CH kits (all from bioM erieux). All commercial phenotypic tests were performed according to the manufacturer's instructions.
Sensitivity of strain KMB9
T to antibiotics was tested by the disc diffusion method after spreading cell suspensions (0. 
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McFarland) on R2A agar. The discs (Oxoid) contained the following antibiotics: ampicillin (10 µg), chloramphenicol (30 µg), gentamicin (10 µg), kanamycin (30 µg), nalidixic acid (30 µg), novobiocin (30 µg), rifampicin (5 µg), penicillin G (10 U), streptomycin (10 µg), sulfamethoxazole (23.75 µg) plus trimethoprim (1.25 µg) and tetracycline (30 µg). The effect of antibiotics on cell growth was assessed after 2 days at 25 C. A strain was considered as susceptible when the diameter of the inhibition zone was more than 12 mm, moderately susceptible at 10-12 mm and resistant at less than 10 mm as described by Nokhal and Schlegel [27] .
To analyse whole-cell fatty acid composition, strain KMB9 T was grown on R2A agar at 25 C for 2 days. Fatty acid methyl esters were prepared and separated according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), analysed by gas chromatography (5890 Series II, Hewlett-Packard) and identified by using the RTSBA6.00 database of the microbial identification system [28] . The detailed fatty acid compositions of strain KMB9 T were C 12 : 0 (2.9 %), C 16 T and closely related taxa within the order Burkholderiales. The neighbour-joining tree was generated according to the amino acid sequence alignments of a concatenation of the recA, rpoA, rpoB and atpD genes. Bootstrap values were obtained from three separate analyses and are presented at nodes (when greater than 70 %). Bar, 0.01 changes accumulated per nucleotide. Polar lipids were extracted and analysed by two-dimensional TLC according to the methods of Embley and Wait [29] . Molybdophosphoric acid was used for the detection of total polar lipids, ninhydrin for amino lipids, Zinzadze reagent for phospholipids, Dragendorff reagent for cholinecontaining lipids and a-naphthol reagent for glycolipids. Strain KMB9 T exhibited a complex polar lipid profile consisting of phosphatidylethanolamine, phosphatidylglycerol, one uncharacterized aminophospholipid, four uncharacterized aminolipids, two uncharacterized phospholipids and four uncharacterized lipids (see Fig. S3 ).
Polyamines were extracted from strain KMB9 T , and analysis was carried out as described by Busse and Auling [30] and Busse et al. [31] . Cells were cultivated in R2-PYE medium (l T had putrescine (PUT, 67.7 %), 2-hydroxyputrescine (HPUT, 10.1 %), homospermidine (HSPD, 10.0 %), cadaverine (CAD, 7.5 %) and spermidine (SPD, 4.7 %) (Fig. S4) .
Isoprenoid quinones were extracted and purified according to the method of Collins and were analysed by HPLC [32] . The respiratory quinone detected in strain KMB9
T was Q-8. The DNA G+C content of strain KMB9
T , determined by HPLC according to the method of Mesbah et al. [33] , was 54.5±1.0 mol%.
Detailed results of the physiological, biochemical and morphological characterization of strain KMB9
T are provided in the genus and species descriptions and Table 1 . Several morphological, physiological and biochemical properties, such as colony pigmentation, cell shape, presence of cell motility, chemotrophic and aerobic growth, inability to grow at lower temperature (<20 C) or at higher temperatures (41-46 C), inability to grow at lower pH (<6.5) or at higher pH (>7.5), inability to grow with >0.5 % NaCl, presence of oxidase activity, absence of catalase activity, and ability to reduce nitrate to nitrite, distinguished strain KMB9
T from all members of the phylogenetically related genera in the order Burkholderiales, such as the genera Herbaspirillum, Noviherbaspirillum, Glaciimonas, Oxalicibacterium, Cupriavidus, Ralstonia, Pandoraea and Ampullimonas (Table 1) . More importantly, strain KMB9
T could be also differentiated from members of the order Burkholderiales based on chemotaxonomic characteristics, such as the distinctive major fatty acids, major polar lipids and the DNA G+C content (Table 1) .
It is now generally accepted that 16S rRNA gene sequence similarities between two bacteria of less than 95 % are an indication of affiliation to different genera [34] . Strain KMB9
T most likely represents a species of a new genus, since the 16S rRNA gene sequence similarity to its closest relatives with validly published names, Herbaspirillum chlorophenolicum CPW301
T and Noviherbaspirillum massiliense JC206 T , is only 93.3 and 93.0 %, respectively. Moreover, strain KMB9
T can be readily distinguished from these closest phylogenetic neighbours by chemotaxonomic, physiological and biochemical characteristics. And, the low levels of 16S rRNA gene sequence similarity between strain KMB9
T and all other members of the order Burkholderiales together with differential phenotypic properties (Table 1) suggest that strain KMB9
T represents a novel species of a new genus within the family Alcaligenaceae of the order Burkholderiales, for which the name Parvibium lacunae gen. nov., sp. nov. is proposed.
DESCRIPTION OF PARVIBIUM GEN. NOV.
Parvibium (Par.vi¢bi.um. L. adj. parvus small; Gr. masc. n. bios life; N.L. neut. n. Parvibium referring to the small colonies on agar media).
Cells are Gram-stain-negative, aerobic, motile by means of monopolar flagellum, non-spore-forming rods surrounded by a thick capsule. Poly-b-hydroxybutyrate accumulation is observed. Oxidase is positive. Catalase is negative. The predominant quinone is Q-8. Major cellular fatty acids (>10 %) are summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c), C 16 : 0 and C 18 : 1 !7c. Phosphatidylethanolamine, phosphatidylglycerol, one uncharacterized aminophospholipid, four uncharacterized aminolipids, two uncharacterized phospholipids and four uncharacterized lipids are present in the polar lipid profile. The major polyamine is putrescine. The DNA G+C content of the type strain of the type species is 54.5 mol%. The type species is Parvibium lacunae.
DESCRIPTION OF PARVIBIUM LACUNAE SP. NOV.
Parvibium lacunae (la.cu¢nae. L. gen. n. lacunae of a pond, from where the type strain was isolated). 
